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I.  Stn t omen t  of  tlu1  Problem 

Stock’s  early  syntheses  of  boron  hydrides  involved  the  reaction  of  a 
rather  poorly  defined  magnesium  boride  with  aqueous  phosphoric  acid.1 
Miserable  yields  of  a  hydride  mixture  containing  large  percentages  of  higher 
hydrides  were  obtained.  All  subsequent  procedures,  based  largely  on  the  work 
of  Schlesinger,  Brown,  Burg  and  their  coworkers'  ’  '  as  well  as  some  commercial 
programs'1,  gave  B,;>Hc>  as  sole  initial  product  .  Higher  botanes  (particularly 
those  needed  for  the  synthesis  of  carboranes)  are  current  ly  made  from  diborane 
by  thermolysis.  Through  proper  select  ion  of  reaction  conditions  and  equipment 
BaH-io,  BsHcj ,  B.,H  i  i ,  or  B-ioHm  can  be  prepared  in  fair  to  good  yields’,  but  the 
processes  are  very  difficult  and  expensive  commercial  operations.  Three  other 
rather  generalized  processes  for  converting  B.dh,  to  higher  hydrides  have  been 
of  interest  in  recent  years.  The  first  of  these,  studied  recently  by  Hill 
and  Johnson*’,  builds  on  earlier  work  of  Hough,  Marshall,  Hunt,  llefforan,  Adams 
and  MakhJouf'  of  Gallery  Chemical  Co.  The  processes  involves  the  pyrolysis  of 
[  RaN  |  BHii  to  yield  |  RaN];>B  toll  to.  This  is  followed  by  the  opening  of  the  Bn>H,o 
cage  with  HC£  in  liquid  (C. <!!■>)  _>S  to  give  B  ioll  i  .•  •  [  S  (C.Hb  ) ..  |  .■ .  From  the  latter 
d let  by  1 su 1 f ide  adduct,  carboranes  can  be  obtained.  Yields  are  marginal. 

A  second  process  involves  the  reaction  of  NaBlin  with  B.Hf,,.  Following,  the 
early  work  of  Hough  and  Edwards"  on  the  reactions  of  B.lh,  willi  sodium  amalgam 
to  give  Nalilhi  and  NaB  Jin .  Gaines  showed  clearly  that  Bib,  reacts  directly  with 
NaBlh,  to  give  NaB. .11/  and  NaB. II,,.  ’  Mueller!  ies  carried  the  process  further1 
and  obtained  NaBiiHi'i  from  NaBllu  ami  B.ll,,  under  different  comlilions.  This 
general  process  has  been  developed  beautifully  in  a  fundamental  sense  by 
Shore  and  his  students  who  have  been  able  to  build  up  large  borane  anions  in  a 


stepwise  fashion  by  adding  a  borane  group  (Lewis  acid)  t o  a  B-B  bond  of  selected 
boron  hydride  anions.11  Reactions  such  as  those  shown  were  carried  out. 


Balls 

+  ’?b2h6 

-»  Be II  |.> 

Brylin 

+  'iBaHti 

^  B(,H  1  1 

Addition  of  a  proton  to 

the  anion 

generated  ; 

t  neutral  borane  containing 

one  boron 

more  than  the  starting 

mater ial . 

In  some  cases  Ha  was  lost  .  A  process 

develop'd 

in  recent  years  by  Dunks  and  Ordonez1'  at  Union  Carbide  also  seems  to  rely  on 
the  general  reaction  between  NaBILi  and  B.>Ho-  1  1 

The  last  process  of  interest  might  be  considered  as  a  generalized  form  of 
the  proceeding  reaction  in  which  Lewis  bases  other  than  llie  hydride  anion  are 
added  to  BH?;  the  borane  addition  compound  thus  generated  is  then  allowed  to reacL 
with  dihorane.  The  generalized  equal  ion  is: 


L: 


H 

I 

n 

i 

u 


H  +  'jll.-iHe  -\LBJlf 


_ 


LBxlly  +  nli,' 


where  x  and  v  are  larger 
than  3  and  7,  respectively. 


Some  years  ago  Muetterties  reported'0  that  the  reaction  of  (CH^.S  with  Ball*,  at 
70°C  gives  (CH.a)  ;>S  •  Bi>Hi  3;  a  number  of  other  conversions  have  also  been  reported; 
still  the  systematies  of  the  reaction  between  dihorane  and  1 ewis  base  adducts 
of  the  boranes  are  not  now  we  I  i  defined.  The  study  performed  under  the 
contract  focused  on  the  reactions  of  the  base  adducts  ol  borane  fragments  with 
another  reagent.  The  study  has  the  ultimate  goal  of  delineating  the  specif ie 
reactions  by  which  conversion  of  one  borane  to  another  occurs  in  the  presence 


o  f  a  bn so  catalyst . 
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II.  Summary  of  t  ho  Results 

A.  Cleavage  Proci-sscs  and  Bn  so  Catalysis  of  Bora  no  Condensation. 

Many  years  ago  it  was  shown  in  this  laboratory  that  I’.  II,,  undergoes  unsyni- 
tnet  r  leal  cleavage  of  the  double  bridge  bond  of  diborano  to  give  t  he  ionic  product 
iHi'B(NHa)  ..  |  |  Bib,  ] .  14  Similarly  15/, H  io  gives  |  H.-li  (Nil  <) .- 1  I  B  ,H<.  |  by  an  unsymmetr i ca 1 
cleavage,1  more  recent  ly  it  was  shown  in  this  laboratory  t  ti.it  II.. II,,  gives 
|  H,;B  (NH  i)  a  1 1  B/iHa  J ,  u>  and  that  li.,Hn  gives  I  H.dlfNIl  ,)  ..  1 1  B„ll  |  .  ’  <H  her  am  i  ties 
such  as  N(CHi):t  were  shown  to  give  symmetrical  cleavage  of  the  double  bridge. 
Species  such  as  HaBNRa  and  HvR  <NR  t  were  isolated  from  15/(11  io  as  a  result  of  a 
summetrical  cleavage  process.  1,1  An  application  of  symmetrical  cleavage  argu¬ 
ments  to  BsH-m  and  N(Cll3)a  suggests  that  the  products  should  he  (CHj)aNBHj  and 
(CHa) jNB/iHa.  but  a  number  of  studies  in  several  laboratories,  including  this 
one,  failed  to  verify  the  prediction.  At  that  time  we  proposed  that  the  com¬ 
pound  (CH-.O  :iNB/(Iln  is  unstable  to  at  tack  by  additional  (CH  i)  <N  tlitis  the  products 
Isolated  represented  a  complex  mixture  of  secondary  products.  In  a  recent  ARO 
supported  study  in  this  laboratory,  it  was  possible  to  prepare  (Cil  \)  ;«NB//Hh  as 
a  pure  substance.19  Work  with  pure  (Cll.t)  :iNB/,ilo  showed  unequivocally  that  the 
compound  Is  not  attacked  destructively  by  (CHj)sN,  but  that  it  is  attacked 
readily  by  adds  such  as  HC1  .  Further,  as  predicted  by  Parry  and  Kdwards"1 
and  subsequently  verified  by  Shore,'1  B,,H  |  i  is  a  protie  arid.  Thus  reaction 
procedures  which  avoid  excess  Belli  /  at  all  times  in  reaction  with  (Cil.,)  »N  do 
give  (CH  ()  <NBH  i  and  (CH  i)  <NBnllM  as  expected. 

The  reactions  of  Me  iNBuIIh  have  been  examined  in  some  detail  since  they 
provide  considerable*  insight  into  t be  cage  expansion  processes.  Much  o(  the 
pertinent  chemistry  can  be  simmiar  i  zed  by  the  Io!  lowing  equal  ions: 
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| 

Me  ,NB„Hm  +  HC I 


In  THF  y 
-80° 


Me  ,NMI  ,11  •  +  Till' Mill. ,C  1 


(I  ) 


iii_C.He.ei_j>  Me,NBH,H,iCl  +  Till’- Nil 
-80° 


Mo^NB„11h  +  NMoj  >■  B/,IIh  (NMe;,) 

Me.tNB,4ll„  +  B.,H  ,  i  Me,NB,Hv,  Me  ,NBH  , 

room  tenp 

uieii  .ee.;.  Bf.ii  i« ,  b.,11.,,  b  toil  i n 

MOjNBuHh  +  Bf-.H'io  ;  "(.  u "  <*  y  Il'iH  i!.,  Biolli/f,  ami  others 


(2) 

(3) 

(4) 


Equation  1,  illustrates  the  reaction  <>l  Me  with  a  preti,  acid  and  demon¬ 

strates  very  clearly  that  the  solvent  is  important  in  del  erw  i  n  1  np,  the  course  ot 
the  retie  t  Ion.  Reaction  2,  indicates  that  Me  >NB/,H,t  behaves  as  an  acid.  The 
integrity  of  the  B/i  unit  is  retained  in  this  reaction  .and  the  his  adduct  disso¬ 
ciates  back  to  B/iHu'NMoi  and  NMe,  at  room  temperature.  React  ion  1,  1  ike  equal  ion 
1,  can  he  interpreted  as  tile  interaction  of  Me  ,  Nil,  ,11, ,  with  a  protie  acid;  since, 
as  noted  earlier,  B.,Hii  is  a  proton  donor.  The  boron  framework  expands  as  a 
result  of  this  process.  These  observations  explain  earlier  d i 1  I  ieulties  in  the 
study  of  tin*  K-.llii  cleavage  reaetion  with  NMe,.  It  also  oifers  insight  into 
earlier  observations  of  Burg  who  reported  in  !9(>2  that  hexamethylenetetramine 
and  some  other  Lewis  bases  aet  calalvt  ical  ly  in  the  decomposition  oi  B.Hm  to 
produce  higher  boron  hydrides  including  B,,ll|0,  It. dip,  and  Biollp,.  The  hexamet  liv  1  ene- 
tetramine-tet  raborane(B)  compound,  (CM  ■)  <.N<iB,illu ,  has  now  been  characterized 
in  this  study  and  its  chemistry  is  very  similar  to  that  of  Mo,NB,,!Ih. 

Reaction  4  above,  like  react  ion  ),  shows  an  intermediate  hydride  B,,ll  o' 
acting  as  a  proton  donor.  Alternatively,  reaetion  4  above  mav  he  interpreted 
as  a  resu 1 1  of  the  acid  behavior  of  Me  , NIB, Hu  toward  the  peripheral  B-B  bond  of 
Rt.Hio.  An  intermediate  thus  produced.  Me  iNIB,ll,<  •  B,.H  in,  would  split  out 


♦ 


! 


Me  .NBHu  to  give  B.,11  e 


It  is  pertinent  to  note  that  both  It  .11  ,  and  Biollo, 


appear  as  significant  products.  I'm  liter  study  of  those  systems  is  needed, 
particulatly  since  l5,tHiO  is  produced  in  considerable  amounts  in  the  reaction 
between  lb, Hit  and  Me_*NB/»HH  and  would  be  available  for  further  reaction  with 
MooNBuHb  in  the  system  to  give  IlioMts. 

B.  The  Hyp ho  Series  of  Boranes  and  Borane  Condensation  Reactions. 

1.  The  Classification  Scheme. 

Formulas,"0  geometry  and  framework  electrons,'  have  served 

as  the  basis  for  the  c  lass  i  f  i  eat  i  on  <>l  boron  hydrides.  Tie  parent  Bnlln  ftniil\ 
is  called  the  c.loso  series.  According  to  electron  count  ins,  rules  oi  Rudolph 
and  Wade^,t,r,t'  this  family  has  2n  +  2  boron  framework  electrons.  The  nido 
series,  corresponding  to  the  parent  liniln+(  series,  has  2n  +  \  framework  electrons 
The  arachno  series  corresponding  to  the  parent  Rnlin+i  series  has  2n _+  b  frame¬ 
work  electrons.  Members  of  a  relatively  new  hypho  series  with  2n  +  8  frame¬ 
work  electrons  have  been  characterized  bv  Shore'  ”  who  first  reported  the 
structures,  of  Br,Hn*2PMea  and  B,,H  u>  *  2PMe  i,  1)>*  Wn  1 1  bridge'' ’,  (  lb  lh>  •  2P  0  ,,  lh.ll.'diphos 
and  Br;>H9*0..rCH,.P0.->)  ,and  new  members  were  newly  prepared  '  ’  "  in  this  lal>oratory 
(Bidifl' 2PMe;),  B^His  TPMe.O*  A  sizable  number  of  new  hypho  class  compounds  as 
well  as  a  few  members  of  a  still  higher  unnamed  series  with  2n  +  10  framework 
electrons  have  been  characterized  in  t he  study  which  is  just  being  completed  i n 
this  laboratory. 

Tlte  hypho  and  higher  class  comp ounds  are  of  interest  in  this  study 
since  a  species  with  more  skeletal  electrons  should  he  more  sensitive  to  acids 
and  to  borane  acid  attack.  Specifically  an  increase  in  the  number  of  framework 
electrons  increases  the  number  of  B-B  two  center  bonds  and  should  thus  increase 
the  number  of  sites  which  can  react  with  borane  acids,  usually  through  an 


insertion  process. 


llyplio  Class  Compounds  (>l  11,11m. 


b 


The  rent’ t ion  of  excess  Me  ,N  with  Me  gives  I  lie  hypin'  cl.iss 

(Me3N)2li,ll0  which  can  be  isolated  below  -40°C.  Ammonia,  monomethy lamine,  and 
dimethylamine  also  add  to  McjNBitHn  to  give  compounds  of  general  formula 
R/iHn-NMe3*Amine,  which  have  been  characterized  at  low  t empcra t ures .  1  ’  ’ 

Reaction  of  B^H-ii  with  I'Me  j  gives  a  hypho  compound  (f  .15,, II(I, 
which  is  stable  enough  at  room  temperature  to  permit  puril  ic.it  ion  by  sublima¬ 
tion.  '°  In  sharp  contrast  to  the  case  with  Me <N,  the  1:1  phosphine  adduct 

MejPB/tHs  could  never  be  isolated;  only  the  2:1  hypho  cl. i  s  compound, 

(io  ,P)  .11,, llM  could  be  obtained.  Two  other  mixed  hypho  elas:  11.11  compounds  were 
also  obtained  '  by  adding,  one  mole  ol  NMe  ,  or  I’Me  <  t<>  It  It  Cc. 

3.  Hypho  and  Arachno  eompounds  derived  from  It.  .11  > . 

As  a  result  of  the  work  of  Shore  and  his  students,  it  was  known 
that  the  reaction  of  B.,Ho  with  I’Mc  i  gives  the  livpho  compound  It*  .11  ,  *  21’Me  i . ' 

We  have  explored  the  reaction  of  the  hvplio  compound  lb, I1..,  •  2  I’Me  <  with  excess 
PMe.i.  While  it  was  believed  earlier  that  the  reaction  ol  11.11,  with  excess  I’Me  , 
ultimately  gave  Med’Bll,,  studies  completed  in  this  laboratory  demonstrate 
conclusively  that  the  reaction  of  II, ,1b,  •  2l’Me  <  or  oi  lt  .H,>  wit  h  excess  l’Me,  gives 
rise  to  reactions  which  can  he  described  by  the  following  crpi.it  ions: 

BsH»*2PMej  +  3PMe3  -*■  B;>H„'2PMe,  +  BjHt,*3PMoi  (!•) 

B.3Hq  +  5PMe  ,  -+  B.’lbi  •  2PMe3  +  B.db,-3PMe3  (bl 

(excess) 

The  Bsflii '  2PMe.<  is  an  arachno  species  while  the  Bdb.-3PMo,  is  a  new  hypho  compound , 
the  only  B,  hypho  compound  known.  The  arachno  compound ,  II.  II.,  •  2l’Me  ,,  can  he  sub¬ 
limed  from  the  reaction  mixture.  Simultaneously  the  B  ,lb. •  31’Me  ,  converts  to  a 
known  hypho  compound,  Br.lho- 2PMe3: 

2BjH5»3PMe3  ~-A- - B„Hio-2l’Me,  +  4PMe  , 
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Till'  compound  i  s  identical  to  t  lie  compa  rah  1  «•  species  ••  i -u  i  •  i  alt  d  I  iniii  11,  II  u>  ami 
2PMe_».  Up  to  tills  time  the  B.dL, *  ll’Me  t  has  not  been  isolate  d  as  a  pure  compound 
because  of  its  decomposition  during  separation  procedures ;  still,  its  identity 
in  the  original  mixture  has  been  unequivocally  confirmed.  The  structure,  based 


H  L 


This  compound  reacts  with  H0£  in  accordance  witli  the  equal  inn: 

0(  \0/’ 

B  din*  IPMe  i  +  211CI  .  -•  Me  .Hill  ,  +  2Me  d’i, II  Cl 

We  have  also  explored  tin'  reactions  of  both  I  -met  liv  I  pen  I  a  horane  (9)  and 
2-tnel  by  I  pen  t  ahorane  (9)  witli  excess  l’M<  .  to  seo  il  the  i  <  t  <  •  i  f  itv  ol  the  product 
obtained  would  provide  any  clue  as  to  the  mechanism  of  tin  cleavage  process. 
In  both  cases  the  methyl  group  appeared  on  the  11.'  fragment  rather  than  on  the 
fragment.  The  products  were  Cll  iB.dl  a  •  2PMe  <  and  Bdh-"3PMc..  Mechanistic 
interpretations  of  these  facts  is  found  in  the  appropriate  puli! ieat ion.  11 
Central  to  the  argument  is  the  fact  that  I  -met  liv  1  pent  ahoraiie  (  9)  i  somer  i  ;’.rs  to 
the  2-methyl  compound  in  the  presence  of  a  Lewis  base. 

4.  Trimethyl  Phosphine  Adducts  from  IWHio. 

Pure  B,dl  iO  reacts  with  excess  l’Mc  i  as  indicated  by  the  equation: 
BfiHto  +  bf’Mej  -*■  xB,,H„  •  2PMe  .  +  xB„H,.*4PMo  +  2(l-x)li  dhclPMe. 

The  new  compound  B/,lle ’ 4PMe.i  belongs  to  a  new  class  above  liypho  (klado)  "  with 
2n  +  10  framework  electrons.  The  structure  assigned  on  the  basis  ol  NMR  is 
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A  compound  Iielli  o-PMct  was  also  isolated  ho  low  -20°C.  w  'Jin-  si  ruciiirc  tentatively 
assigned  is: 


C.  The  Reaction  Chemistry  of  11. db,  •  2J’Me  . 

Tile  compound  11.  lb,  •  2PMo  >  is  the  simplest  bo  ratio  compound  with  a  15-15  bond. 
It  has  been  studied  as  prototype  to  delineate  the  chemistry  of  the  two  center 
B-B  bond.  Tile  compound  is  easily  prepared,  as  noted  it i  it  u  /!,  )  iron  II  II, 

and  PMe  ’  1 

1.  Formation  of  the  Triboram  Cation,  |  B  ,H<.  (PMe  ) ,  )  by 
Unsymmetrical  Cleavage  of  15  .11,  or  Bull -to. 

Non-svmmct  rica  l  cleavage  of  the  double  bridge  bona  in  11. II,  gives 
Hall  and  Bib,  .  The  BH,,  can  add  1311,  to  give  the  13.  Hv  anion.  Khen  B.Tb,  •  2PMe  < 
is  treated  with  tin  excess  of  13. db,  in  CH.  C1.>  at  -20*  C,  a  react  ion  occurs  whic  h 
can  be  described  by  the  following  equal  ion ‘ 

B.Tb,  ■  2  PMe  a  +  ^  B,dlr.  B  (PMe.,).  |  +  |  B.dl/J  ~ 

At  least  in  a  formaL  sense  the  reaction  can  he  viewed  as  a  iion-symmet  r  i  ea  1 
cleavage  of  the  double  bridge  bond  of  B.db  with  addition  of  the  II  B  unit  to 
the  B-B  two  center  bond. 

Similarly  B(,Hio  is  cleaved  non-symmet  r  tea  1  I  v  by  B.dh,  •  2PMe  ,  to  give 
[  B.jHfi  (PMe  j).,  ]"*"(  B  ,H0  |  .  The  cation  is  f.  see  lee  l  run  ie  with  the  13,1b.  anion  and 


is  assigned  a  structure  siini  l.ir  to  Lin-  B  Jin  structure. 


The  cation,  like  B3HB  ,',q  is  fluxionai.  At  -70°C  the  motion  is  slow  enough  to 
observe  the  11B  and  1H  NMR  signals  of  the  static  structure.  The  cation  is  re¬ 
sistant  to  strong  acids,  as  the  following  equation  illustrates: 

(B  JleCPMe  ,)?]  +  |  BaH/ \~  +  211C1  |  B  (PMe  ,)  .  ]  +  (ll(:  I  J  ~  +  H;>  + 

-80  c 

The  HBra  salt  can  be  prepared  in  a  comparable  way.  lR  Both  the  I1CJ a  and  HBra 
salts  and  the  B2H-7  salt  decompose  at  room  temperature  but  the  B  .Ho  salt  is 
stable  at  25°C. 

+ 

The  decomposition  of  |  B -.11,,  (PMe  <)  ,•  |  { B.-.Hy  |  on  warming  can  be  best 
described  by  the  following  equation: 

[B;!H6(PMe3)2]  +  [B2H7]’’  -  Me JPB3H7  +  MejPBH.  +  !'2B.;Ho 

The  process  can  be  viewed  as  transfer  of  an  H  back  to  the  cation  from  the  anion 
with  loss  of  a  PMea  from  the  cation  to  the  BH-.  formed. 

The  compound  [  B3H0  (PMe-.)  ;;  ] +  [  B-.H,,  ]  is  sensitive  to  strong  bases 
such  as  NMe3.  The  equation  is: 

[B3H6  (PMe 3)  2]  +  [  B  .Ho  j  _  +  NMe-,  ->  MenPBnHo  +  Me  .PBH  ,  +  Me  ,NBH  . 

This  process  can  be  viewed  as  transfer  of  a  hydride  ion  to  the  cation  to 
generate  B2H.t  •  2PMe-,  and  BH3,  the  latter  being  combined  with  NMe,  to  give 
Me3NBH3,  followed  by  Interaction  of  the  •  2 PMe 3  with  the  B  ,11/  fragment  in 

the  system. 

Methyl  and  fluoro  derivatives  of  the  cation  were  also  prepared 
during  the  past  grant  period.  The  compounds  are :  ,M ’ 


1  0 


|  Cll  iB:iHs  (PMe  ,).’]  +  I  IV'llvl  ,  I  cn  ,B  II.,  (I’M.*;.) .  I  f 


■  iikI 


[B3H,)F;.(PMe3);>|  [B2Fv]'. 

2.  Attempted  Unsymmetrica l  Cleavage  of  B;,lln  by  B..11/,  (PMe  i)2. 

As  noted  above  B2H/,*2PMe.j  will  cleave  both  the  B.llg  and  B/,HiO 
molecules  unsymmetrically  to  give  the  ( B-jHo  (PMe  3)  2 1+  cation  and  the  anion 
characteristic  of  unsymmetrica l  cleavage  of  that  borane.  Since  it  is  known  that 
BsHii  will  undergo  non -symmetrical  cleavage  witli  Nil,  to  give  Lhc>  B/,Ih,  anion,10 
it  was  expected  that  B2Hit  *2PMe,i  should  interact  with  B.,11  m  as  indicated  by  the 
following  equation:  \  -8o°C  / 

B2Hn*2PMe3  +  Bslli  , - - *  |  B  d/e  (PMe  .)  , ,  |+ (B  ,11'.  |~ 

'C;H;;C  1 

No  evidence  for  the  formation  of  the  Bi,H.i  ion  could  he  found.  Instead,  a 

process  as  defined  by  the  following  equal,  ion  occurs: 

a 

B.dln  ‘  2PMe  ,  +  B.,11  n  -  "I5..H  i.>'  PMe  >"  1  Me-I’BH  ■ 


abolve  -40  C 


BcHg  •  PMe-j  + 
B.,Hq  +  Me  3PBH 


The  B6Hi?/PMe3  and  B^H9*PMej  are  new  compounds.  Characterisation  of  the 

Bgll9’PMe3  has  been  completed00  and  that  of  BtdIi.*PMe3  is  being  pursued. 

3.  The  Reaction  of  B2H<4 •  2PMe3  with  B3II/*THF. 

The  observed  reaction  is  given  by  the  equation:00 

2  t>°C 

B?H4-2PMe3  +  THF-B3H7  B[tH„-PMe3  +  Me-.PBH  ,  +  THF 

A  borane  expansion  process  is  observed. 


D.  Newly  Prepared  Borane  Adducts. 

As  described  in  the  foregoing  sections  a  number  of  new  types  of  borane 


compounds  have  been  prepared  and  characterized  in  the  past  year.  ’1  he  list 


£ nc*  hides : 


B  db, '  3PMe  i  (hypho  rl.i.s'i),  IS  .11,.  *4PMe  ■  (k  I  ado  class)  ,  IP  .!!<»  *  PMe  .  (a  tar linn 


class),  BfjHi  i  'ORa  (hypho  class),  B^H  10  ‘  PMe  i  (arnc.lmo  c  lass),  BflH  *PMe  ,  (liyptio  class). 
The  current  situation  is  put  into  focus  by  examination  of  Table  I  which  shows 
the  types  of  known  bornnes  and  borane  adducts  and  the  new  compounds  added  iri 
this  investigation. 

Other  new  chloro  compounds  prepared  include  LBjIL/:  1 ,  1  ’  *  A'  ’’  "  1  where 
L  =  NMea,  NH3,  CHaNHa,  (CH;))2NI1,  Pll.i,  and  PMe:).  The  adducts  are  sensitive  to 
bases.  The  THF  adduct  could  not  he  prepared. 

/|.» 

Further  the  series  LB3H7  was  prepared  where  1.  =  I’ll  , ,  Mel’ll., ,  Meal’ll, 

Me2P.  The  chemistry  of  this  family  was  contrasted  witli  that  of  the  series 

l\*\+  £4*4 

LBH.3.  '  Differences  are  explained  by  the  greater  acidity  oT  U  ,11  / .  The  fluxionalit.y 
of  hydrogens  in  the  15;?  framework  becomes  greater  (appears  at  lower  temperature) 
as  the  strength  of  the  base  increases.  See  also  ref  .  4r>. 


TABLE  I 

Molecular  Lewis  Base  Adducts  of  Bornnes,  BxIiyLz 


L=1  2  3  4 


I 1  2  3  4 


l-l  234 


bh3 

X 

(BHo) 

_ 

(BH>) 

_ 

b2h4 

X 

b2h6 

X 

(B2H0) 

B3H5 

(7 

B3H7 

9j 

B3H9 

B4H6 

1 

1 

a 

B4H0 

U 

9 

B4II10 

B5H7 

1 

■ 

B5H9 

Q 

7* 

■ 

Bgll  1 1 

0 

b6h0 

1 

BeHio 

x 

B6Hl2 

0 

B7H9 

g 

B7H1 1 

■ 

l 

■ 

Boll  1 .1 

B0H1O 

a 

BsHi  2 

g 

l 

■ 

Bell  1 4 

1 

■ 

B9H1 1 

1 

B9H1  3 

s 

I 

■ 

B9H15 

1 

■ 

E 

B 10H1 4 

B 

B 

1 

Bioh  1  fi 

1 

a 

— if 

1 

B 1 1H1 5 

1 

1 

1 

B 11 H 1 7 

1 

■ 

1 

B 1 2H  1  u 

1 

■ 

Bl2Hl6 

B 1 211 1  0 

! 

1 

l 

0  -  Adducts  that  were  discovered  during  the  past:  grant  periods. 
9  -  Adducts  that  had  been  known  and  to  which  new  compounds 
were  added  during  the  past  grant  period. 


I- .  The  Douterntion  of  Tr  iborane  Adducts. 

TUF-BjHv  or  Me.iNlTjHv  will  react  willi  DC  1  at  -8()"c  in  C 1 1 .  ( ;  I .  to  give 
either  THF-BaD-/  or  MeaNBaOv1'6  The  THF  adduct  can  In*  converted  to  NaB.d)t< , ‘‘  ’ 
which  can  be  coverted  to  NI)/,B_(Du.  The  latter  compound  has  potential  interest 
as  a  portable  D.>  source. 

F.  Attempted  Conversion  of  14?JH<»  to  llmll  m. 

Earlier,  during  the  course  of  ha  1 ot r i borane  chemistry  study,  it  was 

found  that  the  treatment  of  B.»Hr  ion  with  liCl  .  resulted  in  Lhe  formation  of 

a  :> 

Ball  io-  The  halogenation  by  BC1  »,  which  was  eff(*ctive  for  Lin’  preparation  of 
MejNB.jHeCl  from  MeaNB.dly,  could  not  be  achieved  for  the  hydride  adduct  of 
B.jllv,  B  jHb  .  The  reaction  appeared  to  have  proceeded  by  (he  abstraction  of 
H  by  BCl-j  to  give  HBCla  .  The  I!  jllv  group  thus  freed  was  thought  to  undergo 
a  reaction  to  form  BuHioJ 

2  Ball/  - - •k  Bijllio  +  (B.dhi) 

The  application  of  the  hydride  abstraction  reaction  to  the  Bulla  ion 
was  intended  in  hope  of  producing  "Bt,Hv"  which  might  dimerize  to  give  BU>H,.,. 
Indeed,  tiie  treatment  of  MouNBi.IIh  with  excess  BC 1  <  in  CH.CI..  gave  Bi„Hoi.  The 
yield  was  judged  to  be  fair  to  good  on  the  basis  of  the  1  ’ H  NMR  spectra  n( 
the  reaction  products.  The  use  of  KB.,H(i,  instead  of  the  Me»,N  salt,  resulted 
in  the  formation  of  a  new  compound  B..Hh*BC1.;>  The  appropriate  equation  for 
the  reaction  is: 

KBslIa  +  BC  1  »  KC1  +  B  Ha-BCI... 

The  11B  and  1H  NMR  s|>ectra  of  the  new  compound  indicated  that  the  BC1..  unit 
is  inserted  at  the  basal  B-B  position  in  the  manner  similar  to  that  has  Ixvn  found 
for  B5II0 * BMe2?°  The  compound  is  of  interest  as  an  intermediate  for  the  formation 


of  higher  borane  species,  in  particular  B  10H  1  >1 . 


Tile  work  is  (o  be  continued. 
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